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(54) Ink-jet recording head 



(57) An ink-jet recording apparatus having an ink-jet 
recording head (7, 8) including pressure generating 
chambers (49) communicatively connected to a nozzle 
opening (52) and a reservoir (50), pressure generating 
means (42) for pressurizing the pressure generating 
V_, chambers (49), and control means for applying drive sig- 

nals corresponding to print data to the recording head 
and for minutely vibrating meniscuses of ink in the noz- 
zle openings to such an extent as to not eject ink drop- 
lets during a nonprint period. The control means ejects 
ink droplets from the nozzle openings in accordance 
with print data during printing operations, and minutely 
vibrates meniscuses of ink formed at the nozzle open- 
ings a preset period of time before or after the discharg- 
ing of the ink droplets in a printing operation. 
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Description 

The present invention relates to an ink-jet recording 
apparatus. 

An ink-jet recording head of the on-demand type in- 
cludes many nozzle openings and pressure generating 
chambers associated with the nozzle openings. The 
pressure generating chambers expand and contract in 
accordance with print signals, to eject ink droplets 
through the nozzle openings. In the recording head, 
fresh ink is successively supplied to selected nozzle 
openings for carrying out a printing operation. Accord- 
ingly, there is tittle chance that those nozzle openings 
will become clogged. On the other hand, the nozzle 
openings that are infrequently used to eject ink droplets, 
such as those orifices located at upper and lower ends 
of the recording head, frequently clog. This is a problem. 

To overcome this problem, after the printing opera- 
tion is continued for a predetermined period of time, a 
flushing operation is performed in which the recording 
head is returned to the capping means in a nonprint ar-~ 
ea, and a drive signal is applied to the piezoelectric 
transducers, to eject ink droplets forcibly through all of 
the nozzle openings toward the cap. 

In performing the flushing operation, the printing op- 
eration is interrupted, thereby decreasing the printing 
speed, and consuming a relatively large amount of ink. 
To solve these problems, many techniques have been 
proposed. According to one technique, a drive signal 
having an amplitude as not to eject ink droplets is ap- 
plied to the piezoelectric transducers provided in the 
pressure generating chambers communicatively con- 
nected to the nozzle openings which eject no ink drop- 
lets during the printing operation. By the application of 
such a drive signal, the meniscuses present near the 
orifices are minutely vibrated, to thereby prevent the or- 
ifices from being clogged (See, for example, Japanese 
Patent Laid-Open Publication Nos. Sho. 55-1 23476 and 
57-61576, and U.S. Patent No. 4350989). 

In this connection, a proposal has been made for a 
bubble jet recording head, in which the pressure applied 
to eject ink droplets depends on the evaporation of ink. 
According to this proposal, a piezoelectric transducer is 
attached to the reservoir, wherein the ink pressure is 
varied by the transducer. A varied pressure is transmit- 
ted through the ink supply port to the pressure generat- 
ing chamber, to thereby minutely vibrate a meniscus 
formed at the nozzle opening. 

Thus, by minutely vibrating the meniscuses at fixed 
time intervals, the number of flushing operations is re- 
duced, thereby preventing the decrease of the printing 
speed and the increase of the ink consumption. Moreo- 
ver, this method substantially eliminates the possibility 
that the nozzle openings will become clog. However, by 
vibrating the meniscuses even minutely adversely af- 
fects the discharging operation of ink droplets when 
forming dots in a print operation. This deteriorates the 
print quality and is thus a problem. Moreover, the audible 



sound caused by the minute vibration of the meniscuses 
is noisy, because the number of piezoelectric transduc- 
ers being driven is considerably larger than the number 
for discharging ink droplets. Because of this, the lifetime 

5 of the piezoelectric transducers is reduced and hence 
the lifetime of the recording head is also reduced. 

Where the type of ink used is suitable for printing 
very small dots and likely to form a film, the minute vi- 
bration of the meniscuses (for the purpose of preventing 

io the nozzle openings from clogging) promotes the vola- 
tilization of the ink solvent in the nozzle openings which 
are not used for printing in a printing operation, and 
helps the progress of the clogging of the nozzle open- 
ings. Since the viscosity of the ink depends largely on 

15 temperature, if the ambient temperature rises the ink 
viscosity decreases, and the minute vibration exces- 
sively moves the meniscus, so that ink wets the nozzle 
plate. The result is to deviate the flying path of the ink 
droplet when it ejects for printing. 

20 u js therefore an object of the present invention to 

solve the above~probl ems. This object is solved by" the 
ink jet recording apparatus of independent claim 1. 

Further advantageous features, aspects and details 
of the invention are evident from the dependent claims, 

25 the description and the accompanying drawings. The 
claims are intended to be understood as a first non-lim- 
iting approach of defining the invention in general terms. 

The present invention generally relates to an ink-jet 
recording apparatus having a recording head which 

30 ejects ink droplets through nozzles by varying the 
amount of pressure in a pressure generating chamber, 
which is communicatively connected to the nozzle open- 
ing and a reservoir of ink, in accordance with print data. 
More particularly, the invention relates to a technique for 

35 preventing the nozzle openings from being clogged. 

Furthermore, the present invention is also directed 
in a further aspect to a method by which the described 
apparatus operates and includes method steps for car- 
rying out every function of the apparatus. 

40 Accordingly, in a first aspect of the present invention 
it is provided an ink-jet recording apparatus which can 
prevent the nozzle openings from being clogged, and 
maintain very high print quality even with residual vibra- 
tion of the minute vibration of the meniscuses. 

45 a second aspect of the present invention is to pro- 
vide an ink-jet recording apparatus which can reliably 
eliminate the clogging of the nozzle openings by reduc- 
ing the frequency of vibrations of the piezoelectric trans- 
ducer. 

so a third aspect of the present invention is to provide 
an ink-jet recording apparatus which can maximize the 
time till the nozzle opening becomes clogged, independ- 
ently of a variation of the ambient temperature and with- 
out deviating the flying path of the ejecting ink droplet. 

55 According to the above and other aspects of the 
present invention, there is provided an ink-jet recording 
apparatus having an ink-jet recording head including 
pressure generating chambers each communicatively 
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connected to a nozzle opening and a reservoir, pressure 
generating means for pressurizing the pressure gener- 
ating chambers, and control means for applying drive 
signals corresponding to print data to the recording head 
and for minutely vibrating the meniscuses in the nozzle 5 
openings to such an extent as to not eject ink droplets 
during a nonprint period. The present invention is further 
characterized in that the control means ejects ink drop- 
lets from the nozzle openings in accordance with print 
data every print cycle during a print period, and minutely io 
vibrates the meniscuses a preset period of time before 
the discharging of the ink droplets or a preset period of 
time after the discharging of the ink droplets. 

The invention will be better understood by reference 
to the following description of embodiments of the in- is 
vention taken in conjunction with the accompaning 
drawings, wherein 

Fig. 1 is a perspective view showing an embodiment 
of a printing mechanism of an ink-jet recording ap- 20 
paratusaccording to the present Invention; 
Fig. 2 is a sectional view showing an ink-jet record- 
ing head used in the ink-jet recording apparatus of 
Fig. 1; 

Fig. 3 is a sectional view showing still another ink- 25 
jet recording head that may be used in the ink-jet 
recording apparatus; 

Fig. 4 is a sectional view showing yet another ink- 
jet recording head that may be used in the ink-jet 
recording apparatus; 30 
Fig. 5 is a block diagram showing a control system 
for controlling the operation of an ink-jet recording 
head as shown in Fig. 3; 

Fig. 6 is a circuit diagram showing a drive voltage 
generating circuit used in the control means of Fig. 35 
5; 

Fig. 7 is a timing diagram of input signals and an 
output signal of the drive voltage generating circuit 
of Fig. 6; 

Fig. 8 is a circuit diagram showing a head drive cir- *o 
cuit in the control system of Fig. 5; 
Fig. 9 is a timing diagram showing a printing oper- 
ation of the head drive circuit of Fig. 8; 
Fig. 1 0 is a timing diagram showing another printing 
operation of the head drive circuit; 45 
Fig. 11 is a circuit diagram showing another head 
drive. circuit in the control means; 
Fig. 1 2 is a timing diagram showing a printing oper- 
ation of the head drive circuit of Fig. 11 , 
Fig. 1 3 is a block diagram showing a control system so 
for controlling the operation of an ink-jet recording 
head as shown in Fig. 2; 

Figs. 14(a) to 14(c) are waveforms of first to third 
drive signals applied to a piezoelectric transducer; 
Fig. 1 5 is a circuit diagram showing a drive voltage ss 
generating circuit in the control system of Fig. 13; 
Fig. 16 is a diagram showing drive signals applied 
to the piezoelectric transducer during a print rest pe- 



riod with respect to the movement of a carriage; 
Fig. 17 is a waveform diagram showing first and 
third drive signals applied to piezoelectric transduc- 
ers operated for discharging ink droplets and piezo- 
electric transducers not operated for discharging 
ink droplets when the recording head is in a print 
period; 

Figs. 18(a) and 18(b) are diagrams showing how a 
third drive signal is applied to the piezoelectric 
transducer when the recording head completes a 
printing operation of one pass, and decelerates to 
a standstill position; 

Fig. 1 9 is a diagram showing another method of ap- 
plying drive signals to the piezoelectric transducer 
during a print rest period with respect to the move- 
ment of a carriage; 

Fig. 20 is a diagram showing arrays of nozzle open- 
ings of an ink-jet recording head to which the 
present invention is applicable; 
Fig. 21 is a diagram showing still another method 
of applying drive signals to the" piezoelectric trans^ 7 
. ducer during a print rest period with respect to the 
carriage movement; 

Fig. 22 is a block diagram showing another control 
system for controlling the operation of an ink-jet re- 
cording head as shown in Fig. 2; 
Fig. 23 is a graph showing a pressure variation, ex- 
pressed in terms of relative values, in a pressure 
generating chamber for causing a minute vibration 
with respect to a loading period of an ink cartridge; 
Fig. 24 is a graph showing a variation of a drive volt- 
age, which is applied to the pressure generating 
means for causing a minute vibration, with respect 
to ambient temperature; 

Fig. 25 is a graph showing a variation of a drive fre- 
quency at the time of minute vibration with respect 
to ambient temperature; 

Figs. 26(a) and 26(b) are waveform diagrams show- 
ing signals for adjusting the amplitude of a minute 
vibration; and 

Fig. 27 is a waveform diagram showing another sig- 
nal for causing a minute vibration. 

Fig. 1 shows a structure of a printing mechanism 
and related components in a printer which is a type of 
an ink-jet recording apparatus according to the present 
invention. Referring to Fig. 1. reference numeral 1 des- 
ignates a carriage connected to a carriage drive motor 
3 through a timing belt 2. The carriage 1 is reciproca- 
tively moved in the width-wise direction of a recording 
sheet 5, while being guided by the guide member 4. The 
position of the moving carriage is detected by a linear 
encoder 6. Ink-jet recording heads 7 and 8 are firmly 
attached to the side of the carriage 1 which faces the 
recording sheet 5, or the lower side thereof. With the 
movement of the carriage 1 , the recording heads 7 and 
8, which receive ink from ink cartridges 9 and 10 mount- 
ed on the carriage 1, eject ink droplets toward the re- 
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cording sheet 5 to form dots thereon by which charac- 
ters and pictures are formed. Cap members 11 and 12, 
provided in a nonprint region, tightly cover the nozzle 
openings of the recording heads 7 and 8 when the re- 
cording heads are at rest, and receive ink ejecting from 
the recording heads 7 and 8 in the flushing operation 
during a printing operation. Reference numeral 13 des- 
ignates cleaning means having, for example, a rubber 
blade for wiping the nozzle openings of the recording 
heads 7 and 8 clean. Numeral 1 4 indicates a paper feed 
motor. 

Fig. 2 shows an example of each of the recording 
heads 7 and 8. Reference numeral 20 designates a first 
cover member, which is constituted by a zirconia thin 
plate of about 10 jam thick. A drive electrode 22 is formed 
on one of the major surfaces of the first cover member 
20, while facing a pressure generating chamber 21. A 
piezoelectric transducer 23 made of PZT, for example, 
is formed on the surface of the drive electrode 22, and 
jan electrode 1 9 is formed on the piezoelectric transduc- 
er 23. The pressure generating chamber 21 receives a 
flexural vibration of the piezoelectric transducer 23, so 
that the chambers are expanded and contracted to eject 
ink droplets from a nozzle opening 24, and receives ink 
from a reservoir 26 through an ink supply port 25. A 
spacer 27 is a bored, ceramic plate made of zirconia 
(Zr0 2 ) or the like and having a thickness of 1 50 um, for 
example, suitable for forming the pressure generating, 
chamber 21 . One side of the spacer 27 is sealed with a 
second cover member 28, whereas the other side of 
spacer 27 is sealed with the first cover member 20, 
where the pressure generating chamber 21 is formed. 
The second cover member 28 is also a ceramic plate 
made of zirconia, for example, having connecting holes 
29, each communicating with an ink supply port 25 and 
a pressure generating chamber 21, and connecting 
holes 30, each communicatively connecting a pressure 
generating chamber 21 and a nozzle opening 24. The 
second cover member 28 is firmly attached to the other 
major side of the spacer 27. These members 20, 27 and 
28 are assembled into an actuator unit 31 without using 
adhesive, in such a manner that granular ceramic ma- 
terial is properly shaped into thin plates which are lay- 
ered and sintered. 

An ink-supply-port forming plate 32 serves as a fix- 
ing plate for fixing the actuator unit 31. The plate 32 is 
made of a metal of ink resistance, such as stainless steel 
or ceramic, so as to serve as a connecting member to 
the ink cartridges 9 and 1 0. The ink-supply-port forming 
plate 32 has the ink supply ports 25 each formed at a 
location close to one end of the pressure generating 
chamber 21 . The ink supply port 25 connects the reser- 
voir 26 to the pressure generating chamber 21 . Further, 
the port 25 has connecting holes 33 each formed at a 
location close to the other end of the pressure generat- 
ing chamber 21. The connecting hole 33 communica- 
tively connects the nozzle opening 24 and a connecting 
hole 30 of the actuator unit 31 . 



6 

A reservoir-forming plate 34 is a plate-like member 
which is made of a corrosion resistance material such 
as, for example, stainless steel, and has a thickness 
suitable for forming the reservoir 26, for example, of 150 

s u.m. A through-hole corresponding to the shape of the 
reservoir 26 and a connecting hole 36 for communica- 
tively connecting the nozzle opening 24 of the nozzle 
plate 35 and the connecting hole 30 are formed in the 
reservoir-forming plate 34. The ink-supply-port forming 

10 plate 32, the reservoir-forming plate 34 and the nozzle 
plate 35 are bonded together into a fluid passage unit 
37, by hot-melt films or adhesion inserted therebetween. 
The actuator unit 31 is bonded onto the surface of the 
ink-supply-port forming plate 32 of the fluid passage unit 

15 37 by adhesive, to thereby form an ink-jet recording 
head 7. 

In operation, a drive signal is applied to the thus 
constructed recording head while controlling the car- 
riage 1 in accordance with a position signal derived from 

20 the linear encoder 6. Then, the piezoelectric transducer 
23 is charged, and is flexurally displaced to contract the " 
pressure generating chamber 21. The chamber 21 com- 
presses ink therein and an ink droplet ejects through the 
nozzle opening 24. After a preset time elapses, the pi- 

25 ezoelectric transducer 23 is discharged, and the piezo- 
electric transducer 23 returns to its original state. The 
pressure generating chamber 21 is now expanded. In 
turn, ink flows from the reservoir 26 to the pressure gen- 
erating chamber 21 through the ink supply port 25. As 

30 a result, ink is supplied tothe pressure generating cham- 
ber 21 for the next printing operation. 

A voltage which is too small to cause ink to eject is 
applied to the piezoelectric transducer 23. In turn, a 
minute flexural displacement is caused in the piezoelec- 

35 trie transducer 23, and the pressure generating cham- 
ber 21 is minutely contracted. A meniscus present near 
the nozzle opening 24 is then pushed up a small dis- 
tance toward the nozzle opening 24. Thereafter, the pi- 
ezoelectric transducer 23 is discharged, so that it re- 

40 turns to its original state, and the pressure generating 
chamber 21 is minutely expanded. The meniscus de- 
scends toward the pressure generating chamber 21 
from the nozzle opening side. If the piezoelectric trans- 
ducer 23 is minutely bent and restored from its bent state 

^5 jn synchronism with the printing operation, the meniscus 
present near the nozzle opening minutely vibrates. As 
a result, old ink staying near the nozzle opening is re- 
placed with fresh ink, thereby eliminating the clogging 
of the nozzle opening from becoming clogged. 

50 The abQve-described recording head uses a piezo- 
electric transducer that flexurally vibrates. The ink-jet re- 
cording head 7 of which the pressure generating means 
is a piezoelectric transducer which is axially displaced, 
or which is of the longitudinal oscillation mode type, as 

55 shown in Fig. 3, may be used. To be more specific, an 
elastic plate 41 is a thin plate which is elastically de- 
formed in contact with the end of a piezoelectric trans- 
ducer 42. The elastic plate 41 , a passage-forming plate 
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43 and a nozzle plate 44 are assembled to be liquid- 
tight, while the plate 43 is sandwiched in between the 
plates 41 and 42, into a fluid passage unit 45. A base 
member 46 includes a transducer accommodating 
chamber 47 which supports a piezoelectric transducer 
42 allowing the transducer to vibrate, and has a surface 
with an opening 48 for supporting a fluid passage unit 
45. The fluid passage unit 45 is fastened to the surface 
of the base plate 46 such that the end of the piezoelectric 
transducer 42 is brought into contact with an island 41 a 
of the elastic plate 41 . 

In the thus constructed recording head, when the 
piezoelectric transducer 42 is charged, it contracts and 
the pressure generating chamber 49 of the passage- 
forming plate 43 is expanded. In turn, ink flows from the 
reservoirs 50 into the pressure generating chamber 49, 
through the ink supply ports 51. After a preset time 
elapses, the piezoelectric transducer 42 is discharged 
and the piezoelectric transducer 42 resumes its original 
state. Then, the pressure generating chamber 49 is con- 
tracted to compress ink therein and to eject an ink drop- 
let through a nozzle opening 52 toward the recording 
sheet. The ink droplet forms a dot on the recording 
sheet. 

A pulse signal that is too small to cause ink to eject 
is applied to the piezoelectric transducer 42. The piezo- 
electric transducer 42 minutely contracts. The pressure 
generating chamber 49 is minutely expanded. Accord- 
ingly, a meniscus present near the nozzle opening 52 
descends to the pressure generating chamber 49. Then, 
the piezoelectric transducer 42 is caused to resume its 
original state. The pressure generating chamber 49 is 
contracted to move the meniscus toward the nozzle 
opening 52. 

If the piezoelectric transducer 42 is caused to 
minutely expand and contract in synchronism with the 
printing operation, the meniscus present near the nozzle 
opening also minutely vibrates. Consequently, as in the 
recording head, old ink staying near the nozzle opening 
is replaced with fresh ink from the pressure generating 
chamber 49, thereby preventing the nozzle opening 
from clogging. 

Fig. 4 shows another ink-jet recording head that 
may be used in the ink-jet recording apparatus in ac- 
cordance with the present invention. A passage forming 
plate 61 includes a pressure generating chamber 65 
which is connected at one end to a nozzle opening 62 
and at the other end to a reservoir 64 through an ink 
supply port 63. A heating means 66 which, in response 
to a drive signal, vaporizes ink, is placed at a location 
to vaporize ink in the pressure generating chamber 65. 
A cover 67 tightly covers an opening of the passage 
forming plate 61. A pressure generating means 68, 
which varies the pressure of the ink in the reservoir 64, 
is provided on the passage forming plate 61 at a location 
corresponding to the reservoir 64 of the passage form- 
ing plate. 

In operation, a drive signal is first applied to the re- 



cording head 7. Then, the heating means 66 generates 
heat. Part of the ink is vaporized in the pressure gener- 
ating chamber 65, and the ink pressure rises. An ink 
droplet ejects from the nozzle opening 62 in synchro- 

5 nism with a drive signal. The application of the drive sig- 
nal is stopped, and the heating means 66 naturally cools 
down. The pressure in the pressure generating chamber 
65 decreases accordingly. Ink flows from the reservoir 
64 into the pressure generating chamber 65 through the 

io ink supply port 63, in preparation for the next ink dis- 
charging. 

The reservoir 64 is pressurized by applying a signal 
to the pressure generating means 68 of the reservoir. 
The ink pressure increases in the reservoir 64. The in- 
15 crease of the pressure propagates through the ink sup- 
ply port 63 to the pressure generating chamber 65. In 
turn, a meniscus near the nozzle opening 62 is dis- 
placed. If the pressure generating means 68 provided 
in association with the reservoir 64 is driven in synchro- 
20 nism with the printing operation (as in the ink-jet record- 
ing head 7 having the pressure generating source of the 
piezoelectric transducer 23 or 42) : the meniscus near 
the nozzle opening is minutely vibrated. With the minute 
vibration of the meniscus, ink present near the nozzle 
25 opening is replaced with fresh ink from the pressure 
generating chamber 65. Accordingly, the ink-jet record- 
ing head of this example is also capable of preventing 
the nozzle opening from clogging. 

An embodiment of a control system for an ink-jet 
30 recording apparatus according to the present invention 
will be described. Fig. 5 shows a control system for con- 
trolling the operation of an ink-jet recording head in 
which the pressure generating means is a piezoelectric 
transducer of the type which is axially displaced, or a 
35 piezoelectric transducer of the longitudinal .vibration 
mode type. In the present embodiment, of the two re- 
cording heads 7 and 8, the ink-jet recording head 7 will 
be described. In Fig. 5, a control means 70 receives print 
command signals and print data from a host computer, 
40 and controls a drive voltage generating circuit 71 , a head 
drive circuit 72, a carriage drive circuit 73, and a paper- 
transporting drive circuit 75 in accordance with those re- 
ceived signals and data, for various printing and other 
related operations. Examples of these operations in- 
45 elude executing a printing operation, minutely vibrating 
a meniscus in order to prevent the ink-jet recording head 
7 from being clogged, discharging ink from all the nozzle 
openings, and executing a maintenance operation to 
forcibly eject ink from the nozzle openings of the head 
50 by applying a negative pressure to the head. 

The drive voltage generating circuit 71 is designed 
so as to produce first and second drive voltage signals. 
The first drive voltage signal is used for reciprocatively 
displacing a meniscus present near the nozzle opening 
55 at a magnitude too small to eject an ink droplet. The sec- 
ond drive voltage signal is used for discharging ink drop- 
lets from nozzle openings. The drive signal may be a 
voltage signal of a trapezoidal waveform consisting of a 
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rising region where the voltage rises at a fixed gradient, 
a constant region where the voltage maintains a con- 
stant value for a given time period, and a falling region 
where the voltage falls at a fixed gradient. The drive sig- 
nal may take any other waveform than the trapezoidal 
waveform if it is suitable for driving the pressure gener- 
ating means, e.g., a piezoelectric transducer. Another 
example of a drive signal is a pulse signal of a rectan- 
gular waveform. 

The head drive circuit 72 outputs the first or second 
drive voltage signal to the piezoelectric transducer in ac- 
cordance with print data. A print timing signal generating 
circuit 74 outputs a print timing signal to the control 
means 70 in synchronism with a position signal repre- 
sentative of a current position of the ink-jet recording 
head 7, which is output from the linear encoder 6 with 
the movement of the carriage i. 

Fig. 6 shows a specific example of the drive voltage 
generating circuit 71. In Fig. 6, numerals 79a through 
J 9c, and 80a and I 80b designate pujse signals of a fixed 
pulse width supplied from the control means 70. Other 
signals include a first charging pulse signal 79a, a sec- 
ond charging pulse signal 79b, a third charging pulse 
signal 79c, a first discharging pulse signal 60a, and a 
second discharging pulse signal 80b. These pulse sig- 
nals are input to the drive voltage generating circuit 71 
at timings as shown in Fig. 7. The first charging pulse 
signal 79a is applied to the base of an NPN transistor 
81a to render it conductive. In turn, a constant current 
circuit 92 made up of NPN transistors 82a and 84a and 
a resistor 86a operates to charge a capacitor 83 at a 
constant current Ira till the voltage across the capacitor 
83 reaches a first charging voltage Vra. 

The capacitor 83 is charged up to a second charg- 
ing voltage Vrb at a constant current Irb caused by the 
second charging pulse 79b. The capacitor 83 is charged 
to a third charging voltage Vrc at a constant current Ire 
caused by the third charging pulse 79c. The first dis- 
charging pulse signal 80a is applied to a constant cur- 
rent circuit 95 made up of NPN transistors 85b and 88b, 
and a resistor 87b. In turn, the capacitor 83 is discharged 
at a constant current Ira till the voltage across the ca- 
pacitor drops to a fi rst discharging voltage Vfa. Similarly, 
when the second discharging pulse signal 80b is applied 
to a constant current circuit 96, the capacitor 83 is dis- 
charged by a constant current Irb to a second discharg- 
ing voltage Vfb. Assuming that a base-emitter voltage 
of the transistor 84b is Vbe84a, and a resistance of the 
resistor 86a is Rra, Ira = VbeB4a/Rra. If a capacitance 
of the capacitor 83 is CO, the time Tra taken for the volt- 
age across the capacitor to increase to the first charging 
voltage Vra is: Tra = CO x Vra/lra. 

The same theory is true and applies to other charg- 
ing circuits. The charging currents Irb and Ire are: Irb = 
Vbe84b/Rrb and Ire = Vbe84c/Rrc. The charging rise 
times Trb and Trc are: Trb = CO x Vrb/lrb and Trc = CO 
x Vrc/lrc. Assuming that a base-emitter voltage of the 
transistor 85a is Vbe85a and a resistance of the resistor 



87a is Rra, I ras = Vbe85a/Rra. The time Tf a taken for 
the voltage across the capacitor to increase to the first 
discharging voltage Vfa is: Tfa = CO x Vfa/lfa. 

Similarly, the discharging current Ifb is: Ifb = 

s Vbe85b/Rfb, and a falling time Tfb: Tfb = CO x Vfb/lfb. 
An NPN transistor 89 and a PNP transistor 90 form a 
current amplifier. A relationship between the pulse sig- 
nals 79a to 79c, 80a and 80b input to the drive voltage 
generating circuit and a drive voltage signal output at 

10 the output terminal thereof is as shown in Fig. 7. The 
output drive voltage signal takes a trapezoidal wave- 
form, which consists of regions where the amplitude of 
the signal rises at fixed gradients, regions where the am- 
plitude is constant, and regions where the amplitude 

is falls at fixed gradients. The rising and falling regions are 
coincident with the pulse widths of the pulse signals, as 
shown. 

The operation of the drive voltage generating circuit 
71 will be described. While the drive voltage generating 

20 circuit receives the first charging pulse signal 79a from 
the control means 70, the constant current circuit 92 is - 
enabled and a drive voltage signal 91 rises from Vrc to 
Vra at a fixed gradient. After a preset time elapses, a 
first discharging pulse signal 80a is input to the drive 

2B voltage generating circuit, and then the constant current 
circuit 93 operates. A drive voltage signal appearing at 
the output terminal 91 drops by the voltage Vfa at a fixed 
gradient. The drive voltage signal of a trapezoidal wave- 
form vibrates a meniscus at such an amplitude as not 

30 to eject an ink droplet (this signal will be referred to as 
a minute vibration voltage waveform). 

After a preset time elapses from the termination of 
the first discharging pulse signal 80a, that is, a time tak- 
en for the minutely vibrating meniscus to settle down, a 

55 second charging signal 79b is input to the drive voltage 
generating circuit and the output terminal 91 increases 
by the voltage Vrb. At this time, switching elements T 
(Fig. 8) s such as transmission gates, which are connect- 
ed to the piezoelectric transducers 42 and driven for 

40 printing operations, are turned on by the head drive cir- 
cuit 72, and the corresponding piezoelectric transducers 
42 are charged to a voltage Vrb + Vrc and greatly con- 
tract accordingly. In turn, the pressure generating cham- 
bers 49 connected to the transducers are expanded. Ink 

45 flows from the reservoirs 50 to the pressure generating 
chambers 49 through the ink supply ports 51 . After a 
preset time elapses from the termination of the second 
charging pulse 79b, a second discharging signal 80b is 
input to the drive voltage generating circuit. The drive 

so voltage signal 91 decreases by the voltage Vfb. As a 
result, the piezoelectric transducers 42 are discharged 
to greatly expand. In turn, the pressure generating 
chambers 49 are greatly contracted, so that ink droplets 
for printing eject from the nozzle openings 52. 

ss After the discharging of ink droplets, athird charging 
pulse 79c is input to the drive voltage generating circuit, 
so that the drive voltage signal 91 rises by the voltage 
Vrc. Here, a sequence of one period ends (hereinafter, 
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a waveform ranging from the inputting of the second 
charging pulse 79b to the inputting of the third charging 
pulse 79c will be referred to as a discharge voltage 
waveform). 

Fig. 8 shows an example of the head drive circuit 
72. In Fig. 8, a shift register 100 is constructed with flip- 
flops F1 connected in series. The register 100 succes- 
sively shifts print data in synchronism with a shift clock 
signal. A latch circuit 101, which consists of flip-flops F2, 
latches output signals from the flip-flops F1 in response 
to a latch signal, and outputs control signals to the 
switching elements T, such as transmission gates, for 
supplying a drive voltage signal from the output terminal 
91 to the piezoelectric transducers 42. 

Fig. 9 shows a relationship between transfer timings 
of print data and minute vibration data and a drive volt- 
age applied to the piezoelectric transducer 42. In Fig. 9, 
reference numeral 102 designates a pair of print data 
and minute vibration data during one print period. Nu- 
meral 103 represents minute vibration data, and numer- 
al 104, print data. For a piezoelectric transducer, the 
print data 104 is inverted with respect to the minute vi- 
bration data 103. ■ 

When the head drive circuit receives a print timing 
signal from the control means 70, the latch circuit 101 
latches the minute vibration data 103 that has been 
transferred in the preceding print timing period, and out- 
puts it as control signals to the switching elements T. In 
response to the control signals, a minute vibration volt- 
age waveform is applied only to the piezoelectric trans- 
ducers 42 which have not been driven for the discharg- 
ing of ink droplets in the preceding print period, through 
the switching elements T. As a result, only the menis- 
cuses of the nozzle openings 52 which have not ejected 
ink droplets are minutely vibrated. 

Then, the print data 104 is transferred in synchro- 
nism with a shift clock signal, and after the minute vibra- 
tion voltage waveform terminates, at a time where the 
residual vibration of the minute vibrating meniscus has 
settled down, a latch signal is output. The switching el- 
ements T are controlled in accordance with print data 
104. Under the control of the switching elements, a dis- 
charge voltage waveform is applied only to the piezoe- 
lectric transducers 42 which are to be driven for ink dis- 
charging, and ink droplets eject from the corresponding 
nozzle openings 52. Finally, minute vibration data 103 
as the inversion of the print data 104 is transferred in 
synchronism with a shift clock signal, to thereby com- 
plete the sequence of one print period. 

In case where the print data and the minute vibra- 
tion data are transferred in a manner as shown in Fig. 
9, a time interval between the discharge voltage wave- 
form and the minute vibration voltage waveform may be 
set large. If the time interval is large, the vibration char- 
acteristic of the meniscus immediately after the ink drop- 
let discharging is not adversely affected. Therefore, 
there will be very little chance of an unwanted discharg- 
ing of ink droplets when the minute vibration voltage 



waveform is applied. Poor print quality and the clogging 
of the orifices as well are successfully prevented. 

A timing chart shown in Fig. 1 0 shows a case where 
the minute vibration data 1 03 and the print data 1 04 are 

s transmitted with a print timing signal being interposed 
therebetween. A minute vibration voltage waveform is 
applied to the piezoelectric transducer 42 at the begin- 
ning of the nonprint period. In case where the nonprint 
period follows the print period, a minute vibration voltage 

10 waveform is applied for preventing clogging when in a 
state that a residual vibration of the meniscus caused 
by the discharging of ink droplets is present. Therefore, 
the vibration of the meniscus will be greater than that 
generated by the signals illustrated in Fig. 9. However, 

is that vibration creates no problem in practical use. 

Fig. 11 shows another example of the head drive 
circuit 72. In this example, a data inverting circuit 105 
including exclusive-OR gates G is inserted between the 
latch circuit 1 01 and the switching elements T. An invert- 

20 ing signal is input to one input terminal of each exclu- 
sive-OR gate Gr while - a signaloutput f rom the latch cir- 
cuit 101 is input to the other input terminal of the gate. 
With such an arrangement, when the inverting signal is 
low, the output signal of the latch circuit 101 is straight - 

25 forwardly applied to the switching element T When the 
inverting signal is high, the output signal of the latch cir- 
cuit 101 is Inverted and then applied to the switching 
element T. The circuit may be arranged such that only 
the print data 104 is serially transferred with a print tim- 

30 ing signal as a trigger signal as shown in Fig. 12, and 
the print data is latched by the latch circuit 101 at the 
termination of a minute vibration voltage waveform. In 
this case, if the inverting signal is set high during only 
the period where the minute vibration voltage waveform 

3S is output, only the print data is transferred. Accordingly, 
the data transfer rate may be doubled for a clock fre- 
quency. 

Another embodiment of a control system for an ink- 
jet recording apparatus according to the present inven- 

40 tion will be described. 

Fig. 1 3 shows another control system for controlling 
the operation of an ink-jet recording head as shown in 
Fig. 2. In Fig. 13, a control means 110 receives print 
command signals and print data from a host computer, 

45 and controls a drive voltage generating circuit 111, a 
head drive circuit 1 1 2, and a carriage drive circuit 1 1 3 in 
accordance with those received signals and data, for 
printing and other related control operations. Examples 
of those control operations include executing a printing 

so operation, performing a flushing operation at the cap- 
ping position in accordance with clock data from a print 
timer 116, adjusting the amplitudes of the second and 
third drive signals for minutely vibrating the meniscuses 
for preventing the nozzle openings from being clogged, 

55 and printing periods and continuation times. 

The drive voltage generating circuit 111 is arranged 
so as to generate a first drive signal (Fig. 14(a)) which 
has a trapezoidal waveform, and is at a voltage V1 high 
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enough to cause an ink droplet to eject from the nozzle 
openings, and second and third drive signals (Figs. 1 4 

(b) and 14(c)), which have trapezoidal, waveforms for 
minutely vibrating the meniscuses present near the noz- 
zle openings 24. 

A period t1 of the first drive signal may be set to 
equal a natural vibration period Tc of the pressure gen- 
erating chamber 21, which is derived by the equation 

Tc "= 2tW[(Cv + Cin) x Ln x Li]/(Ln + Li) 

wherein: 

Ln: inertance of the nozzle opening 24 
Li: inertance of the ink supply port 
Cv: compliance of the first cover 
Cink: compliance of ink 

If so set, a displacement of the piezoelectric transducer 
23 can effectively be converted into a motion of the me- 
niscus. 

The head drive circuit 1 1 2 is arranged so as to apply 
a first drive signal (Fig. 14(a)) to those piezoelectric 
transducers 23 corresponding to print data. I n a nonprint 
mode in which the recording head is positioned in a non- 
print area, while waiting for the next printing operation, 
a second drive signal (Fig. 14(b)) is applied to the pie- 
zoelectric transducers 23. The voltage of the second 
drive signal is within a range of 30% to 90% of the volt- 
age of the first drive voltage. When the recording head 
is moved in the print area, a third drive voltage (Fig. 1 4 

(c) ) is applied to the piezoelectric transducers 23, irre- 
spective of whether or not ink droplets eject for printing 
(by the first drive signal). The voltage of the third drive 
signal is approximately 20% of the first drive signal. 

A minute-vibration memory means 115 stores the 
voltage values of the second and third drive signals, da- 
ta for adjusting a gradient of the second drive signal in 
accordance with temperature, and data for adjusting a 
level of the second drive signal in accordance with the 
amount of ink consumed by the printing operation. 

The print timer 116 is a timer for counting the dura- 
tion of the printing operation. The timer is driven to start 
the counting when a printing operation starts, and to 
stop when a flushing operation starts. A print-amount 
counter 117 counts the number of dots printed in a print 
mode to detect the amount of consumed ink. A temper- 
ature sensing means 118 senses the temperature 
around the ink-jet recording head 7. 

Fig. 15 shows a specific example of the drive volt- 
age generating circuit 111 . In Fig. 15, a one-shot multi- 
vibrator 120 converts a timing signal received from an 
external device to a pulse signal ol a fixed width. The 
multivibrator outputs a positive signal and a negative 
signal in synchronism with a timing signal. One of the 
output terminals of the one-shot multivibrator is connect- 
ed through a resistor to the base of an NPN transistor 



121 of which the collector is connected through a resis- 
tor to the base of a PNP transistor 122. When the mul- 
tivibrator receives a timing signal, a capacitor 123 is 
charged at a constant current Ir till the voltage across 

5 the capacitor 123 reaches a power source voltage VH. 
The other terminal of the one-shot multivibrator 120 is 
connected to an NPN transistor 128. When the timing 
signal changes states, the transistor 22 is turned off, 
while the transistor 128 is turned on. As a result, the 

10 capacitor 123 is discharged at a constant current If to 
about zero (0) volts. 

The charging current Ir is given by 

1S lr = Vbe124/Rr 

wherein: 

Vbe124: base-emitter voltage of the transistor 124 
20 Rr: resistance of the resistor 126 

A rise time T of the charging voltage is given by: 
2S T = CO x VH/Tr 

The discharging current If of the drive signal is given 

by: 

30 

If = Vbe125/Rr 

wherein: 

35 Vbe1 25: base-emitter voltage of the transistor 1 25 
Rr: resistance of the resistor 127 

A falling time is given by: 

40 Tf = CO x VH/lf 

Accordingly, a voltage across the capacitor 1 23 has 
a trapezoidal waveform consisting of a rising region 

45 where the voltage rises at a fixed gradient a, a constant 
region where the voltage maintains a constant value, 
and a falling region where the voltage falls at a fixed 
gradient p, as shown in Fig. 14(a). The capacitor voltage 
is amplified by the transistors 129 and 1 30. The ampli- 

so fied voltage is output in the form of a drive signal from 
an output terminal 1 31 to the piezoelectric transducers 
23. 

An operation of the drive voltage generating circuit 
111 will be described. 
ss The switching elements T, such as switching tran- 
sistors, are turned on for a short period of time in re- 
sponse to a signal from the head drive circuit 1 1 2. Then, 
the piezoelectric transducers 23 are charged under the 
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voltage from the drive voltage generating circuit 111. 
During the charging operation, the pulse signal falls to 
turn off the switching elements T. The charging opera- 
tion stops at a voltage determined by a time period till 
the switching elements are turned off. 

By properly selecting a charging time in the drive 
voltage generating circuit 111 shown in Fig. 15 and the 
resistance values of the resistor 126 and the like, it is 
possible to generate a second drive signal (Fig. 14(b)) 
having a charging gradient a' which is capable of caus- 
ing a minute vibration at an amplitude suitable to prevent 
clogging and a third drive signal (Fig. 14(c)) having a 
charging gradient a" which is capable of causing a 
minute vibration at such an amplitude as to be suitable 
for preventing clogging when the recording head moves 
in the print area. It is preferable that the charging gradi- 
ents a' and a" of the second and third drive voltages are 
selected to be within 5% to 50% of the gradient a when 
the charging is performed by the first drive signal. 

The voltage values V2 and V3 of the second and 
third drive signals are each smaller than the voltage val- 
ue V1 of the first drive signal (Fig. 14(a)) for discharging 
the ink droplet. Accordingly, the second or third drive sig- 
nal displaces the piezoelectric transducer 23 at such a 
magnitude as not to eject the ink droplet from the nozzle 
opening, and minutely expands and contracts the pres- 
sure generating chamber 21 to minutely vibrate a me- 
niscus near the nozzle opening 24. If the period t1 of the 
second or third drive signal is selected to be equal to 
that of the first drive signal for discharging the ink drop- 
let, it is equal to the natural vibration period of the pres- 
sure generating chamber 21 . As a result, the meniscus 
can efficiently be vibrated at an amplitude high enough 
to prevent the clogging of the nozzle opening, through 
little displacement of the piezoelectric transducer 23. 

A print signal output from the control means 110 
turns the transistors 1 22 and 1 23 on and off to generate 
a voltage signal of a trapezoidal waveform, or a first 
drive signal. The switching elements T connected to the 
piezoelectric transducers 23 to be driven for the printing 
operations are turned on by the head drive circuit 112. 
Accordingly, those transducers are charged to the volt- 
age VH by the drive signal. As a result, a drive signal 
generated in the drive voltage generating circuit 111 
flows into the piezoelectric transducers 23 and charges 
them at a constant current. Those transducers to be 
driven for the printing operation displace toward the 
pressure generating chambers 21 , so that these cham- 
bers are contracted to eject ink droplets from the nozzle 
openings 24. After a preset time elapses, the transistor 
1 28 is turned on to discharge the capacitor 1 23. In turn, 
the piezoelectric transducers 23 are discharged to re- 
store from their displaced state. The pressure generat- 
ing chambers 21 are expanded, so that ink flows from 
the reservoirs 26 into the pressure generating chambers 
21 . Subsequently, when the recording head is moving 
in the print area, the piezoelectric transducers 23 re- 
ceive a third drive signal capable of causing a minute 



vibration of the meniscus before the discharging of ink 
droplets, in synchronism with a timing signal. Then, the 
transducers receive a first drive signal capable of dis- 
charging ink droplets. The piezoelectric transducers 23, 
5 which are not driven in a printing operation, receive only 
a third drive signal. Therefore, the meniscuses near all 
the nozzle openings 24 are minutely vibrated in print pe- 
riods. 

When the ink-jet recording head 7 is placed in a 
io nonprint area, the piezoelectric transducers 23 receive 
a second drive signal of which the voltage is within a 
range of 30% to 90% of that of the first drive signal. Ac- 
cordingly, the meniscus is minutely vibrated by a drive 
force larger than when the recording head is in the print 
is area. 

An operation of the control system for an ink-jet re- 
cording apparatus will be described with reference to the 
timing charts shown in Figs. 16 and 17. 

When the ink-jet recording head 7 is positioned in 

20 a nonprint area and not sealed by the cap member 11 , 
the" control means 110 reads out data to determine a 
minute vibration during a rest period, from the minute- 
vibration memory means 115, and applies a second 
drive signal to the piezoelectric transducer for a time du- 

25 ration T2 at periods T1 . 

The period T1 is preferably shorter than the sum 
(T2 + T5) of the duration T2 of the second drive signal 
and a period (printable period) T5 required for the ink- 
jet recording head 7 to move in the print area. In the 

30 case of an ink-jet recording apparatus having a printable 
period T5 of 750 ms, for example, a cycle consisting of 
a period T1 , a period T2 and an additional period may 
be repeated. In this case, the period T1 is 755 ms, the 
period T2 for causing a succession of minute vibrations 

35 (e.g., 1080 vibrations) during the period T1 is 75 ms, 
and the additional period is 680 ms, which follows the 
period T2, during which the minute vibration is suspend- 
ed. 

Thus, the meniscus is minutely vibrated for the pe- 

40 hod T2 at the periods T1 shorter than a time period caus- 
ing the clogging of the nozzle opening, whereby the mix- 
ing of ink near the nozzle opening with ink in the pres- 
sure generating chamber 21 is promoted, to decrease 
the viscosity of ink present near the nozzle opening and 

45 hence to.prevent the clogging of the orifice. Further, the 
minute vibration is suspended after a preset time. Thus, 
because the piezoelectric transducer 23 is heated, it 
then is cooled down (by the loss of Joule's heat), and 
fatigue of the piezoelectric transducer 23 is lessened; 

50 otherwise, the transducer is continuously operated and 
fatigue becomes great. 

As the recording head waits for the next printing op- 
eration, a plurality of minute vibrations are intermittently 
repeated. When a print signal is applied to the recording 

55 head, the carriage 1 starts to move. In turn, the control 
means 110 suspends the intermittent minute vibrations 
at fixed periods T1 , and accelerates the carriage 1 to a 
printable speed. When the minute vibration is suspend- 
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ed, a print signal is input to the control system for the' 
recording head, a movement of the carriage 1 is detect- 
ed and a second drive signal is applied to the recording 
head 7. During a period T3 where the carriage 1 is being 
accelerated, the meniscus is minutely vibrated, so that s 
the viscosity of ink which is increasing because of the 
air passing the nozzle opening is mixed with ink of rel- 
atively low viscosity in the pressure generating chamber 
21 , to thereby minimize the rise of the ink near the nozzle 
opening. After the carriage 1 is accelerated and its 10 
speed reaches a printable speed, the application of the 
second drive signal is suspended at time T4, e.g., 10 
ms, prior to the time where the drive voltage signal is 
applied to the piezoelectric transducers, to suspend the 
minute vibration of the meniscus that has continued dur- ts 
ing the acceleration period and to settle down the me- 
niscus in a state suitable for the printing. During the 
printing lor example, at the beginning of the print period, 
a third drive signal (3) is first output to the piezoelectric 
Jran_sdycer 23 , Jo thereby minutely vibrate a meniscus 20 
present neat the nozzle opening 24. Then, a first drive 
signal (1) corresponding to print data is output thereto. 
A third drive signal (3) is applied to the piezoelectric 
transducer (Fig. 17(11)), to prevent the clogging of the 
nozzle opening. 2s 

While the recording head 7 is moved in the width- 
wise direction of the recording sheet 5, a third drive sig- 
nal (3) is applied to the piezoelectric transducers 23 as- 
sociated with the nozzle openings 24 to be used for dot 
formation, to minutely vibrate the meniscuses near the 30 
nozzle openings and hence to decrease an increased 
viscosity of the ink near the nozzle opening to a viscosity 
level suitable for printing, by mixing that ink with the ink 
in the pressure generating chamber 21. At the time 
when the application of the third drive signal (3) ends, 35 
the third drive signal is applied to the piezoelectric trans- 
ducer. As the result of its voltage rise, the pressure gen- 
erating chamber 21 is contracted, so that an ink droplet 
ejects through the nozzle opening to form a dot. After a 
preset time elapses, the voltage of the first drive signal 40 
(1) drops, so that the pressure generating chamber 21 
resumes its original state to suck ink from the reservoir 
26. 

A third drive signal (3) is applied to the piezoelectric 
transducers 23 associated with the nozzle openings not 45 
used fordot formation, as it is applied to the piezoelectric 
transducers 23 driven for printing operations, whereby 
the meniscuses near those nozzle openings are minute- 
ly vibrated. By the minute vibration of the meniscuses, 
the ink nearthe nozzle openings which are not discharg- so 
ing ink droplets is mixed with the ink in the pressure gen- 
erating chambers 21 , so that the viscosity of the former 
is decreased. 

When the printing of one pass ends and the record- 
ing head 7 starts to decelerate to suspend operation, ss 
the control means 110 applies a second drive signal to 
all the piezoelectric transducers 23. In turn, during the 
deceleration period T6, the carriage 1 is decelerated to 



a stop position while the meniscuses near the nozzle 
openings 24 are minutely vibrated. When the carriage 
1 stops, a second drive signal is continuously applied 
for the duration T2 at periods T1 . As already stated, the 
period T1 is preferably shorter than the sum (T2 + T5) 
of the period T2 of the second drive signal and a period 
(printable period) T5 required for the ink-jet recording 
head 7 to move in the print area. Thus, the meniscus is 
minutely vibrated for the period T2 at the periods T1 
shorter than a time period causing the clogging of the 
nozzle opening, whereby the mixing of ink near the noz- 
zle opening with ink in the pressure generating chamber 
21 is promoted, to decrease the viscosity of ink present 
near the nozzle opening and hence to prevent the clog- 
ging of the orifice. Further, the minute vibration is sus- 
pended, whereby the piezoelectric transducer 23 that is 
heated is cooled down (by the loss of Joule's heat), such 
that fatigue of the piezoelectric transducer 23 is less- 
ened; otherwise, the transducer is continuously operat- 
ed and fatigue becomes great. 

In the present embodiment7when the printing of one 
path ends, the recording head 7 starts to decelerate for 
stopping its operation, and all the piezoelectric trans- 
ducers 23 come to a standstill while receiving the sec- 
ond drive signal, the control means 110 detects a time 
period T1 from the deceleration starting point, and at 
this time applies a second drive signal to be applied at 
the rest of printing for the time duration T2 at periods 
T1, to the piezoelectric transducer to minutely vibrate 
the transducer. 

Another manner as shown in Fig. 18(a) illustrates 
another alternative. As shown, the control system forthe 
recording head receives a print signal and starts to ac- 
celerate the carriage 1 when a time shorter than the pe- 
riod T1 of the second drive signal elapses from the de- 
celeration start point. At this time, the second drive sig- 
nal is applied for an acceleration time T3 of the carriage 
1, not the duration T2. As in the previous case, when 
the speed of the carriage 1 reaches a constant speed, 
the minute vibration is suspended for a period T4, and 
then the recording head starts a printing operation. 

In the present embodiment, the second drive signal 
is applied during the deceleration of the carriage 1 . The 
second drive signal may be applied in a manner as 
shown in Fig. 18(b). In this manner, the second drive 
signal is applied at a time when deceleration of the car- 
riage ends and the carriage stops, not during the decel- 
eration, and the application of the second drive signal 
continues for aperiod of T2, to thereby minutely vibrate 
the related meniscus. When a rest time T7 of the car- 
riage 1 is shorter than the duration T2 of the second 
drive signal and the carriage 1 is accelerated again, the 
second drive signal being applied is immediately 
stopped and a second drive signal that is to be applied 
when the carriage 1 is accelerated is applied instead. 

In the recording head of the type in which ink is hard 
to evaporate and the nozzle openings 24 are hard to 
clog, or in a case where a suspending time T7' of the 
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carriage 1 is very short as when continuous printing is 
being performed, the second drive signal is applied to 
the piezoelectric transducers at periods T1 when the 
carriage 1 stops, not during the deceleration period of 
the carriage 1, as shown in Fig. 19. Also, in this case, 
to prevent the clogging at the start of the printing, as in 
the previous case, it is preferable to apply the second 
drive signal when the acceleration of the carriage 1 
starts, to minutely vibrate the related meniscuses. 

Thus, a printing operation is carried out while the 
carriage 1 repeatedly accelerates, maintains a constant 
speed, and decelerates. When the print timer 116 
counts a preset time, e.g., 10 seconds, the control 
means 110 moves the recording head 7 to a flushing 
position, or a position facing an ink receptacle, for ex- 
ample, the cap member 11, and ejects a predetermined 
number of ink droplets, e.g., 1000 dots, through the noz- 
zle openings for a periodical flushing. When the flushing 
^ operation ends, the print timer 116 is reset and begins 

_ counting, and the recording head starts a printing oper- 
ation again, through the sequence of operations as 
mentioned above. Subsequently, the periodic flushing 
is carried out every time the drive voltage generating cir- 
cuit 111 counts a preset time, to eject ink droplets 
through all the nozzle openings and thus to prevent clog- 
ging. 

Recording heads 140 and 141 are illustrated in Fig. 
20. In these recording heads, linear arrays of nozzle 
openings are independently driven The orifice arrays 
include an orifice array B for discharging black ink, an 
orifice array C for discharging cyan ink, an orifice array 
M for discharging magenta ink, and an orifice array Y 
for discharging yellow ink. Those orifice arrays B, C, M 
and Y are arranged into two groups 142 and 143. In this 
case, it is preferable that the second drive signal which 
is to be applied at the rest of printing is applied to those 
groups 142 and 143, while being staggered by a time 
difference T8. If so staggered, the audible sound caused 
by the minute vibration is reduced to a factor of the 
number of groups. Accordingly, the total noise generat- 
ed by the apparatus is reduced. 

In the present embodiment, the removal of a rest 
state is detected by the movement of the carriage 1 . It 
may also be detected depending on the presence or ab- 
sence of the inputting of a print signal coming from an 
external device. 

In the embodiment mentioned above, the level of 
the second drive signal applied to the piezoelectric 
transducer 23 during a rest period in the nonprint area 
for minutely vibrating the meniscus, is kept constant. In 
an alternative, the recording head 7 detects a print area 
or an amount of ink ejecting in the periodic flushing on 
the basis of data from the print-amount counter 117. 
When the amount of ejecting ink is large, the voltage of 
the second drive signal is decreased. When the amount 
of ejecting ink is small, the second drive signal is in- 
creased within a range of such values as not to eject the 
ink droplet, and the meniscus is minutely vibrated, al- 



lowing for the viscosity of ink in the pressure generating 
chamber 21 . The alternative minimizes the load of the 
piezoelectric transducer 23 during a rest period and fur- 
ther reliably prevents the clogging of the nozzle open- 
s ings. The level of the second drive signal corresponding 
to the amount of ejecting ink during the print periods can 
easily be set in a manner that relationships between the 
amounts of ejecting ink and the voltage values are 
stored in advance in the minute-vibration memory 
10 means 1 1 5, and a voltage value corresponding to eject- 
ing ink amount data from the print-amount counter 117 
is read out of the memory. 

The viscosity of ink used by the ink-jet recording ap- 
paratus of the invention depends largely on tempera- 
15 ture. Accordingly, when a low voltage signal is applied 
to the piezoelectric transducer 23 to minutely vibrate a 
meniscus associated therewith, the amplitude of a 
minute vibration is greatly influenced by temperature. 
One of the possible ways to solve the problem is to ad- 
20 just a voltage level. In this case, the control of a charging 
~ time is essential, so that the related circuit is complicat- 
ed. In the present invention, the second drive signal is 
kept at a constant voltage value (V2), while a rising gra- 
dient and a falling gradient are adjusted in accordance 
25 with the ambient temperature. Specifically, for room 
temperature (25°C), the rising gradient a is set at 4V7 
us, and the falling gradient p is set at 6.7 V/jxs. For low 
temperatures, such as 5°C, the rising gradient ct1 is set 
at 5V/(j.s, and the falling gradient p1 is8.4 V/u,s. Forhigh- 
30 er temperatures, the rising gradient a2 is set at 3V/us, 
and the falling gradient (52 is 5 V/u.s. Aflexural displacing 
velocity and a restoring velocity of the piezoelectric 
transducer 23 are increased as the temperature de- 
creases, to thereby increase the fluidity of ink whose vis- 
35 cosity is increased as the result of the low temperature. 
The rising and falling gradients a, a1 and a2, and p, (i1 
and (52 for those respective temperatures may readily 
be adjusted in a manner that the relationships between 
temperatures and those gradients a, a1 and oc2, and (5, 
40 pi and p2 are stored in advance in the memory, and 
desired gradients are read out of the memory by ad- 
dressing the memory with a temperature signal from the 
temperature sensing means 118. 

In the present embodiment, the third drive signal is 
45 set at a fixed value, .which is about 20% of the drive sig- 
nal with respect to room temperature, e.g., 25°C. For 
the ink whose viscosity depends largely on temperature, 
the value is set at a value which is about 10% of the 
drive signal when the temperature is low, about 10°C, 
50 and about 30% of the drive signal when temperature is 
high, abouf40°C. By adjusting the value in this manner, 
the meniscus may be minutely vibrated in a satisfactory 
manner while compensating for variations in tempera- 
ture. 

55 in the above-mentioned embodiment, the recording 
head is operated for printing such that a third drive signal 
is first applied to the piezoelectric transducer to minutely 
vibrate the transducer and the related meniscus, and af- 



11 



21 



EP 0 788 882 A2 



22 



ter the meniscus settles down, a first drive signal is ap- 
plied to eject ink droplets for printing. Alternatively, after 
the first drive signal is applied, the third drive signal is 
applied to minutely vibrate the piezoelectric transducer 
and the like for preventing clogging. s 

Fig. 22 shows yet another control system for con- 
trolling the operation of an ink-jet recording head as 
shown in Fig. 2. A control means 1 60 receives print com- 
mand signals and print data from a host computer, and 
controls a drive voltage generating circuit 161, a head io 
drive circuit 162, and a carriage drive circuit 163 in ac- 
cordance with those received signals and data, for var- 
ious purposes. Through the control, the control means 
causes the recording head to execute a printing opera- 
tion. Further, the control means determines the time to 
vibrate the meniscus on the basis of clock data from a 
print timer 164, and causes the head drive circuit 162 to 
output a drive signal to the piezoelectric transducers 23 
to minutely vibrate the transducers at a drive frequency, 
a pressure variation and a time duration, which are suit- 
able for the current circumstances, on the basis of data 
from a memory means 1 67. 

The print timer 164 starts its counting operation at 
the start of a printing operation, and is reset at a time 
when minute vibration starts. A cartridge loading time 
detecting means 1 65 receives a signal from a means for 
detecting the loading and unloading of an ink cartridge 
9 to and from a cartridge holding portion, for example, 
the carriage 1. The means 165 starts to operate when 
an ink cartridge 9 is loaded anew, and is reset when it 
is unloaded. A temperature sensing means 166 senses 
ambient temperature and head temperature. 

The memory means 1 67 stores data of ratios to in- 
crease the amplitude of a minute vibration of a meniscus 
in proportion to a loading time of the ink cartridge 9, for 
example, ratios to increase expansion quantities and 
contraction quantities of the pressure generating cham- 
ber 21 (Fig. 23), data to reduce a pressure variation in 
the pressure generating chamber 21 for causing a 
minute vibration as temperature becomes higher as 
shown in Fig. 24, and data to decrease a frequency of 
a drive signal for causing a minute vibration as temper- 
ature becomes higher as shown in Fig. 25. t 

A pressure variation in the pressure generating 
chamber 21 forcausinga minute vibration of a meniscus 
may be adjusted by controlling a drive signal applied to 
a pressure generating means, for example, the piezoe- 
lectric transducer 23, 42, or 68. A ratio of the drive volt- 
age at the time of minute vibration to the drive voltage 
at the time of printing is varied in accordance with tem- 
perature, as shown in Fig. 24, by varying an attenuation 
factor of a variable attenuator, for example. Specifically, 
the voltage ratio is set to a value that is 0.3 x the drive 
voltage at the time of printing in a lowtemperature region 
(10°C to 15°C). In a normal temperature region (15°C 
to 25°C), the voltage ratio linearly falls to a value of 0.25 
times as large as the drive voltage. In a first high tem- 
perature region (25°C to 30°C), the voltage ratio is set 



to a value 0.25 times as large as the drive voltage. In a 
second high temperature region (30°C to 40°C), the 
voltage ratio linearly falls to a value of 0.2 times as large 
as the drive voltage. 

A drive frequency of a minute vibration of the me- 
niscus can readily be obtained by selecting any of the 
following frequencies in accordance with temperature. 
In the lowtemperature region (10°C to 15°C), the drive 
frequency is (1 /integer number) x the maximum drive 
frequency at the, time of printing) x the integer number. 
In this embodiment, the drive frequency is 7.2 kHz (= 
1/16 x maximum drive frequency x 16). In the normal 
temperature region (15°C to 25 0 C) : the drive frequency 
is 5.4 kHz (= 1/16 x maximum drive frequency x 12). In 
the first high temperature region (25°C to 30°C), the 
drive frequency is 3.6 kHz (= 1/16 x maximum drive fre- 
quency x 8). In the second high temperature region 
(30°C to 40°C), the drive frequency is 1 .8 kHz (=1/16 
x maximum drive frequency x 4). Thus, a frequency x 
(1 /integer) of the drive frequency at the time of printing 
is used as" a unit f requency. The product of the unit fre- 
quency x the integer is used for the frequency of the 
minute vibration of the meniscus. This can be realized 
by using a frequency dividing circuit, not an oscillator 
capable, of providing a plural number of frequencies for 
the minute vibration. In this respect, the related circuitry 
is simplified. Where a more complex circuit is permitted, 
the nozzle opening can effectively be prevented from 
being clogged by using a circuit capable of finely varying 
the amplitude values of the minute vibration and the fre- 
quency values with respect to temperature. 

In the present embodiment, the control system for 
the recording head receives print data from a host com- 
puter, and the control means 160 recognizes a temper- 
ature of the recording head 7 from a signal derived from 
the temperature sensing means 166, and selects a vi- 
bration mode suitable for the minute vibration. When the 
temperature is higher than room temperature, the vis- 
cosity of ink decreases, and hence the meniscus tends 
to vibrate. Therefore, in this case, a pressure variation 
for causing a minute vibration is set to small value. That 
is, a voltage of a drive signal to be applied to the piezo- 
electric transducer 23 is set at a low value. Further, a 
frequency of a minute vibration is set to be lower than 
at the normal temperature. For example, in the first high 
temperature region (25°C to 30°C), 3.6 kHz (= 1/16 x 
maximum drive frequency x 8) is selected for the drive 
frequency. In the second high temperature region (30°C 
to40°C), 1.8 kHz (= 1/16 x maximum drive frequency x 
4) is selected. In this way, a minute vibration of the me- 
niscus is continued while avoiding the evaporation of ink 
solvent and the suction of air through the nozzle open- 
ings, which arise from a high speed movement of the 
meniscus. Further, at high temperature, an ink viscosity 
is low and hence its diffusion rate is high. In this case, 
by reducing the number of vibrations in one cycle, evap- 
oration of the ink solvent through the nozzle opening 24, 
which ensues from the minute vibration, is controlled to 
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be small, and a viscosity of ink near the nozzle opening 
24 is swiftly reduced. 

Either of the following methods may be used for 
minutely vibrating a meniscus. A first method in which 
the pressure generating chamber being minutely ex- 
panded at the start of a minute vibration, and then being 
restored. A second method includes the pressure gen- 
erating chamber being minutely contracted at the start 
of a minute vibration. When the first method is used, the 
meniscus vibrates with respect to a position where the 
meniscus reaches as the result of pulling the meniscus 
from the nozzle opening 24 side to the pressure gener- 
ating chamber. Accordingly, the vibrating meniscus 
does not wet the nozzle plate 35 since it fails to reach 
the nozzle opening 24. The meniscus minutely vibrates 
at an amplitude high enough to diffuse the ink near the 
nozzle opening into the ink in the pressure generating 
chamber 21 . 

^ When temperature is lower than room temperature, 

_ tne _ ink viscosity is high, so that the meniscus is hard to 
vibrate. Then, a pressure variationof the pressure~gen- 
erating chamber 21 for the minute variation is set to 
large value. That is, the voltage of the drive signal ap- 
plied to the piezoelectric transducer 23 is set to a high 
value, and the drive frequency is set to be relatively high; 
7.2 kHz (= 1/16 x maximum drive frequency x 16). 

Thus, even if the ambient temperature is lower than 
normal temperature and the ink viscosity is high, the me- 
niscus near the nozzle opening 24 receives a higher 
pressure than at normal temperature. It can minutely vi- 
brate at an amplitude suitable for preventing clogging, 
irrespective of the high Viscosity of ink. The high viscos- 
ity ink near the nozzle opening is diffused into the ink in 
the pressure generating chamber, so that its viscosity is 
decreased. Needless to say, a lesser amount of ink sol- 
vent is allowed to evaporate because of the low temper- 
ature, and no bubbles are pulled into the nozzle opening 
24 if the frequency of the minute vibration is set to a high 
• value since the in viscosity is high. 

When the ink cartridge 9 remains loaded with ink 
for a long time, the amount of ink solvent evaporated 
from the container (i.e., the ink cartridge 9) is large. Ac- 
cordingly, ink in the cartridge has a high viscosity In this 
case : the pressure variation tor the minute vibration is 
preferably increased on the basis of data received from 
the cartridge loading time detecting means 165, and, if 
necessary, the vibrating frequency of the meniscus is 
slightly increased. As a result, the meniscus can be 
minutely vibrated at the amplitude and the drive frequen- 
cy that are suitable for the clogging prevention, irrespec- 
tive of evaporation of ink solvent from the ink cartridge 
9 and a variation of the ink viscosity caused by a varia- 
tion of ambient temperature. 

Thus, the recording head is free from clogging and 
ready for printing. A print signal is then output and a first 
drive signal for the discharging of ink droplets is output 
to the piezoelectric transducers 23. At the start of the 
printing, the print timer 164 starts to count and outputs 



a signal when the print time reaches the time for minute 
vibration. When the recording head reaches a point near 
the end of a print line and enters its deceleration phase, 
the control means 160 decreases the pressure for the 

5 minute vibration and the frequency of the minute vibra- 
tion to be lower than at normal temperature when am- 
bient temperature is high, as described above. On the 
other hand, when the ambient temperature is low, the 
pressure variation and the frequency of the minute vi- 

10 bration are increased to a value higher than at normal 
temperature. Further, the control means outputs a signal 
to vary the pressure for causing a minute vibration cor- 
responding to a time lapse since the ink cartridge 9 is 
loaded. Accordingly, the meniscus is minutely vibrated 

is at a drive frequency and a pressure, which correspond 
to ambient temperature and a time length since the ink 
cartridge 9 is loaded, when it is impossible to print. 

The carriage 1 stops at a preset position while the 
meniscus is minutely vibrating. Then, the carriage 1 is- 

20 reversed and accelerated toward the printing area along 
the next print line." Immediately before the speedof the 
carriage 1 reaches a constant speed allowing for print- 
ing operation, the minute vibration of the meniscus is 
stopped. The time to minutely vibrate the meniscus for 

25 preventing clogging during the print period is retarded 
and set at a time point where the carriage 1 enters a 
deceleration phase for the return. Therefore, the menis- 
cus can be min utely vibrated as long as possible without 
any interruption of the printing operation. Further, the 

30 nozzle opening can be prevented from being clogged, 
without any decrease of the printing speed. Additionally, 
the viscosity of the ink near the nozzle opening 24 will 
not increase when the recording head 7 is idling, which 
is caused by the return operation of the head. 

35 After a predetermined amount of printing ends and 
a preset waiting time elapses, the recording head 7 
moves to a home position, and capped and waits for the 
next printing operation. If required, in a waiting mode, 
the meniscus may be minutely vibrated at fixed time in- 

40 tervals for preventing an increase of ink viscosity. When 
the head is in the waiting mode and the meniscus is 
minutely vibrated, if a print command is received, the 
control means 1 60 accelerates the carriage 1 toward the 
printing area while keeping the minute vibration of the 

45 meniscus, stops the minute vibration immediately be- 
fore the speed of the carriage reaches a constant speed, 
and starts the printing by the recording head. 

In the above-mentioned embodiment, an amplitude 
of the minute vibration is controlled by adjusting the volt- 

so age of a drive signal applied to the piezoelectric trans- 
ducer. By adjusting rates a and of voltage changes of 
the drive signal applied to the pressure generating 
chamber 21 as shown in Fig. 26, an expanding rate and 
a contracting rate of the pressure generating chamber 
55 21 can be adjusted when it is minutely expanded, and 
hence the pressure at the time of expanding of the pres- 
sure generating chamber can be adjusted. Further, if the 
rate p of voltage change when the pressure generating 
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chamber is minutely contracted is set to a value smaller 
than the rate a of voltage change when it is minutely 
expanded as shown in Fig. 27, the meniscus may rapidly 
be pulled to the pressure generating chamber 21 , to pro- 
mote the diffusion of the ink near the nozzle opening 24 
into the pressure generating chamber 21 . When the me- 
niscus is pushed back, dynamic energy of the meniscus 
is reduced, so that the meniscus may be minutely vibrat- 
ed while not protruding from the nozzle opening 24. 

In the embodiments mentioned above, to minutely 
vibrate the meniscus, a drive signal is applied to the 
pressure generating means provided in association with 
the pressure generating chambers. When using a re- 
cording head in which the pressure generating means 
for causing a minute vibration is provided in association 
with the reservoir, as shown in Fig. 4, a drive signal of 
such an amplitude as to minutely vibrate the meniscus 
near the nozzle opening 24 is applied to the pressure 
generating means 68 of the reservoir at the timing of 
causing a minute vibration. The ink-jet recording appa- 
ratus of the on-carriage type in which the ink cartridge 
9 is located on the carriage 1 is discussed in the above- 
mentioned embodiments. However, it is evident that the 
present invention is applicable to an ink-jet recording ap- 
paratus of the type in which the ink cartridge 9 is placed 
on the frame, and ink is supplied to the recording head 
by an ink tube. 

There has thus been shown and described a novel 
ink-jet recording head which fulfills all the objects and 
advantages sought therefor. Many changes, modifica- 
tions, variations and other uses and applications of the 
subject invention will, however, become apparent to 
those skilled in the art after considering the specification 
and the accompanying drawings which disclose pre- 
ferred embodiments thereof. All such changes, modifi- 
cations, variations and other uses and applications 
which do not depart from the spirit and scope of the in- 
vention are deemed to be covered by the invention 
which is limited only by the claims which follow. 

Claims 

1 . An ink jet recording apparatus having an ink-jet re- 
cording head (7, 8) including pressure generating 
chambers (21, 49, 65) each communicatively con- 
nected to a nozzle opening (24, 52, 62) and a res- 
ervoir (26, 50, 64), pressure generating means (23, 
42, 66) for pressurizing the pressure generating 
chambers (21, 49, 65) to eject ink droplets there- 
from, and means (23, 42, 68) for minutely vibrating 
a meniscus of each nozzle opening (24, 52, 62) to 
such an. extent as to fail to eject an ink droplet. 

2. The ink jet recording apparatus according to claim 
1 , further comprising a drive voltage generating cir- 
cuit (71, 111, 161) for generating a drive waveform 
containing a first drive waveform for minutely vibrat- 



ing the meniscus and a second drive waveform for 
ejecting ink droplets during one print period. 

3. The ink jet recording apparatus according to claim 
5 ' 2, lurther comprising a drive circuit (72, 112, 162) 

for selectively outputting a signal of said first drive 
waveform and/or a signal of said second drive 
waveform to said pressure generating means (23, 
42, 66, 68). 

10 

4. The ink jet recording apparatus according to any 
one of claims 1 to 3, in which said first drive wave- 

* form follows said second drive waveform in said 
drive waveform generated by said drive voltage 
is generating circuit. 

5. The ink jet recording apparatus according to any 
one of claims 1 to 3, in which said second drive 
waveform follows said first drive waveform in said 
drive waveform generated by said drive voltage 
generating circuit. ~ ~~ " ~ " "' 

6. The ink jet recording apparatus according to any 
one of the preceding claims, in which a means for 
causing a minute vibration of the meniscus for a 
print rest period is further included, and an ampli- 
tude of the meniscus during a print rest period is 
larger than that of the meniscus during a print peri- 
od. 

30 

7. The ink jet recording apparatus according to any 
one of the preceding claims, in which an amplitude 
of a minute vibration of the meniscus is varied de- 
pending on ambient temperature. 

35 

8. The ink jet recording apparatus according to any 
one of the preceding claims, in which when ambient 
temperature is high, an amplitude of a minute vibra- 
tion of the meniscus is set to be smaller than that at 

io normal temperature, and when ambient tempera- 
ture is low, the amplitude of a minute vibration of the 
meniscus is set to be larger than that at normal tem- 
perature. 

45 9. The ink jet recording apparatus according to any 
one of the preceding claims, in which a minute vi- 
bration of the meniscus is caused by said pressure 
generating means (23, 42, 66, 68). 

50 10. The ink jet recording apparatus according to any 
one of the preceding claims, in which a minute vi- 
bration of the meniscus is caused by a piezoelectric 
transducer provided in said reservoir (26, 50, 64). 

5S 11. The ink jet recording apparatus according to any 
one of the claims from 3 to 8, in which said drive 
circuit (72, 112, 162) selectively outputs a signal of 
said second drive waveform during a print period 
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and/or a signal of said first drive waveform during 
the next print period. 

12. The ink jet recording apparatus according to any 
one of the preceding claims, wherein said minutely 
vibrating means (23, 42, 68) has a first operation 
mode in which the meniscuses of all the nozzle 
openings are vibrated plural times in succession for 
a predetermined period of time, the meniscuses are 
placed in a state that said meniscuses are capable 
of discharging ink droplets, and a drive signal for 
discharging ink droplets is applied to said pressure 
generating means. 

13. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means (23, 42, 68) has a second operation 
mode in which said meniscuses of all the nozzle 
openings are vibrated in succession for a preset pe- 
riod T2 every period T1 . 

14. The ink jet recording apparatus according to claim 
13, in which said minutely vibrating means (23, 42, 
68) operates in such a manner that when said first 
operation mode is selected during the execution of 
said second operation mode, said second operation 
mode is suspended and said first operation mode 
is executed. 

15. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means (23, 42, 68) has a third operation 
mode in which the meniscuses of said nozzle open- 
ings are selectively minutely vibrated for one print 
period during a print period. 

16. The ink jet recording apparatus according to claim 
15, in which said minutely vibrating means (23, 42, 
68) executes said third operation mode before the 
discharging of the ink droplet. 

17. The ink jet recording apparatus according to claim 
15, in which said minutely vibrating means (23, 42, 
68) executes said third operation mode after the dis- 
charging of the ink droplet. 

18. The ink jet recording apparatus according to any 
one of the claims 15 to 17, in which said minutely 
vibrating means (23, 42, 68) is arranged such that 
an amplitude of the minute vibration of each menis- 
cus in said first operation mode is larger than that 
of the minute vibration of each meniscus in said 
third operation mode. 

19. The ink jet recording apparatus according to any 
one of the claims 12 to 18, in which said minutely 
vibrating means (23, 42, 68) is arranged such that 
the meniscuses are minutely vibrated in said first 



operation mode, and after 10 ms elapses from the 
minute vibration, said drive signal is applied to said 
pressure generating means. 

s 20. The ink jet recording apparatus according to any 
one of the preceding claims, in which a carriage (1 ) 
carrying said ink-jet recording head (7, 8) thereon 
is further included which is reciprocatively moved in 
the direction orthogonal to a transporting direction 

10 of a recording sheet (5), and said minutely vibrating 
means (23, 42, 68) minutely vibrates the meniscus- 
es in said first operation mode in a state that said 
carriage (1) is accelerated to reach such a speed 
as to allow a printing operation. 

15 

21. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means (23, 42, 68) has a second operation 
mode in which said meniscuses of all the nozzle 

20 openings are vibrated in succession for a preset pe- 
riod T2 every period T1, and the time period T1 is 
shorter than the sum of the preset period T2 and a 
time period T5 taken for said carriage with said ink- 
jet recording head (7, 8) mounted thereon to move 
25 at a printable speed in a printable region. 

22. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means (23, 42, 68) minutely vibrates the 

30 meniscuses in succession as in said first operation 
mode when said carriage with said ink-jet recording 
head mounted thereon, which is being moved at a 
constant speed, is decelerated. 

35 23: The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means (23, 42, 68) detects a time point of 
starting the minute vibration of the meniscuses as 
in said first operation mode, said time point being 
40 * continued from a time point at which the decelera- 
tion of said carriage with said ink-jet recording head 
mounted thereon starts, and when the deceleration 
period is shorter than said time period T2, said 
minutely vibrating means stops the minute vibration 
45 of the meniscuses. 

24. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means (23, 42, 68) causes the minute vi- 

so bration in said first operation mode or the minute 
vibration as in said first operation mode at an instant 
that an acceleration or a deceleration of said car- 
riage (1) with said ink-jet recording head mounted 
thereon starts. 

55 

25. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means (23, 42, 68) starts a minute vibra- 
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tion of the meniscuses in said first operation mode 
at an instant that said carriage (1 ) with said ink-jet 
recording head (7, 8) mounted thereon comes to a 
standstill. 

26. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means (23, 42, 68) increases a time dura- 
tion of the minute vibration in said first operation 
mode to be longer than said time duration T2 of the 
minute vibration in said second operation mode. 

27. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means sets a rate of change of a drive sig- 
nal for causing a minute vibration to be 5 to 50% of 
that of a drive signal for discharging the ink droplet. 

28. The ink jet recording apparatus according to any 
one of the preceding claims, wherein said minutely 
vibrating means (23^ 42, 68) vibrates said menis-" 
cuses present of the nozzle openings (24, 52, 62) 
in succession for a preset period T2 every period 
T1. 

29. The ink jet recording apparatus according to any 
one of the preceding claims, in which the meniscus- 
es are minutely vibrated at fixed periods T1 after a 
rest period longer than said fixed period T2. 

30. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means (23, 42, 68) causes to eject ink 
droplets through said nozzles and/or to selectively 
minutely vibrate the meniscuses for each print pe- 
riod during a print period. 
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low, the amplitude of a minute vibration of the me- 
niscus is set to be larger than that at normal tem- 
perature. 

34. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means vibrates the meniscuses of a plural 
number of groups of nozzle openings at different 
times in a sequential manner. 

35. The ink jet recording apparatus according to any 
one of the preceding claims, in which a minute vi- 
bration of the meniscus is caused by said pressure 
generating means (23, 42, 66, 68). 

36. The ink jet recording apparatus according to any 
one of the preceding claims, in which a minute vi- 
bration of the meniscus is caused by a piezoelectric 
transducer provided in said reservoir. 

37. The ink jet" recording apparatus~according to any 
one of the preceding claims, in which said minutely 
vibrating means varies a frequency of the minute 
vibration of each meniscus depending on ambient 
temperature. 
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31. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means (23, 42, 68) sets an amplitude of 
: the minute vibration during a print period to be 
smaller than that of the meniscus during a print rest 
period. 



40 



32. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means varies an amplitude of a minute vi- 
bration of the meniscus depending on ambient tem- 
perature. 

33. The ink jet recording apparatus according to any 
one of the preceding claims, in which said minutely 
vibrating means varies an amplitude of a minute vi- 
bration of the meniscus depending on ambient tem- 
perature in such a manner that when ambient tem- 
perature is high, an amplitude of a minute vibration 
of the meniscus is set to be smaller than that at nor- 
mal temperature, and when ambient temperature is 
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